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57 ABSTRACT 

The invention addresses a method of preparing a dry poly 
merbead preparation. To achieve this, the polymer beads are 
coated with a layer of an easily Soluble Substance which 
dissolves again in a liquid when the polymer beads are 
resuspended. The resuspension is thus largely free of 
agglomerates. 

21 Claims, No Drawings 
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DRY POLYMER BEAD PREPARATION 

Subject matter of the invention is a dry polymer bead 
preparation, a method of preparing Such a polymer bead 
preparation, a method of concentrating a magnetic bead 
containing Suspension, the use of Sugars for coating polymer 
beads, the use of dry polymer bead preparations, and a 
method of detecting an analyte with the aid of a dry polymer 
bead preparation. 

Plastic beads have been used in analytical procedures for 
the determination of analyte for Some time. The presence of 
an analyte and/or the amount thereof can be concluded from 
the formation of an agglutinate and/or the amount of Such 
agglutinate formed. 

Recent development has seen the use of plastic magnetic 
beads in various embodiments as reagents in immunoassays 
as well as other tests. Owing to the presence of magnetic 
portions found in the beads, these beads can be separated 
from the Suspension by applying magnetic forces. Regard 
less of the type of application used, it is necessary for the 
particles to be available as Single particles avoiding the 
formation of aggregates. To date, Such magnetic polymer 
beads are offered exclusively in the form of Suspensions. 
These Suspensions are obtained by directly polymerizing 
monomers. If necessary, the So obtained particles are Subject 
to further treatment which is performed without removing 
the particles from the Suspension. 

However, a special Storage problem has arisen in con 
nection with Suspensions of this kind. If, due to gravity, the 
magnetic beads sink down to the bottom of the bottle, they 
form a tightly packed clot. If the bottle is then turned upside 
down during transport, the clot is likely to dry out. During 
resuspension of the magnetic beads, it is not possible to 
again split the So formed aggregates completely into their 
individual particles. Even the application of ultrasound does 
not lead Satisfactory results. 

Object of the invention is therefore the preparation of a 
polymer bead preparation resuspensable without agglomer 
ateS. 

Subject matter of the invention is a dry polymer bead 
preparation. 
A polymer bead as understood in the invention is a 

particle obtained by polymerization. The preferred diameter 
of these polymer beads ranges between 0.1 and 100 um, 
particularly preferred between 1.0 and 5.0 lim. The particles 
preferably have an essentially round shape and are known as 
beads. The preferred main component of a bead is an organic 
polymer. In addition to polymers obtained from one Single 
monomer, this also covers polymers consisting of Several 
monomers, i.e. copolymers. Possible monomers include 
polystyrene and polymethylmethacrylate. An example of 
Such polymers are lateX particles. 

Polymer beads can be manufactured in known ways, e.g. 
dispersion of monomers in a liquid and Start of polymeriza 
tion depending on the type of polymerization reaction 
employed, i.e. light or polymerization Starter. The manufac 
ture of polymer beads is known to the expert, e.g. from L. 
B. Bangs (Amer Clin Prod Rev 7, 1, 22–26). 

Although the invention allows to bring all kinds of 
polymer beads into an agglomerate-free, Suspendable form, 
the description given here is geared towards the preferred 
case of magnetic polymer beads. Magnetic beads can prin 
cipally be purchased in the form of a Suspension, e.g. from 
Dynal AS. These beads are particles which essentially 
consist of an organic polymer rendered magnetic due to 
incorporated magnetic particles. The term magnetic includes 
not only ferromagnetic particles but also para- and Super 
paramagnetic particles with the latter being preferred. 
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2 
Magnetic beads can be manufactured as described in 

EP-B-O 106 873. 
In Some analytical procedures these polymer beads are 

employed to Selectively immobilize the analyte or analyte 
binding Substances. In these cases, it is known to modify the 
polymer beads in the Suspension with the aid of reagents. 
This includes, for example, the application of a Streptavidin 
layer on the particle Surface which allows the binding of 
analytes or analyte-binding Substances modified with biotin 
to the Surface of the particle. 

In accordance with the present invention, these particles 
are then coated with a layer of an easily Soluble Substance. 
The easy solubility of this substance refers to the solution in 
which the particles are to be resuspended at a later time. 
When analyzing body fluids, Such Solutions are essentially 
aqueous Solutions. Easily Soluble Substances as understood 
in the invention are particularly Sugars with a melting point 
lying above the conditions under which the dry polymer 
bead preparation is to be manufactured and Stored. Suitable 
Sugars include C-6 Sugars and C-6 Sugar-alcohols with 
mannite and trehalose being particularly preferred. 

The coat of an easily Soluble Substance can be applied in 
numerous manners. It is, however, preferred to prepare a 
polymer bead Suspension containing the easily Soluble Sub 
stance and Spray the latter under conditions where liquid is 
withdrawn from the Suspension. Such spray-drying proce 
dures are known. When using commercially available 
Suspensions, it Suffices to add a certain amount of the Soluble 
Substance. This amount should be dosed Such that the 
amount of Soluble Substance present is completely dis 
solved. The amount hence depends on the solubility of the 
Soluble Substance in the liquid of the Suspension. In the case 
of Sugars, an amount of e.g. 0.1 to 30 wt. -%, particularly 
preferred between 1 and 10 wt. -%, has proven to be 
expedient. The amount of soluble substance should be such 
that the layer Surrounding each polymer bead has a thickness 
between 20 nm and 50 lum, particularly preferred between 
0.1 and 5 lum. Whether or not the layer thickness is within 
the desired range when using a given amount of Soluble 
Substance can be easily determined with the aid of a micro 
Scope. For this purpose, the particles are preferably poured 
into a formed body and cross-sections are made from which 
the thickness of the particles and the coating can be read. So 
obtained polymer beads preferably have a Smooth Surface 
regardless of their original Surface Structure and provided 
the coating is thick enough, and also have a spherical 
geometry. 

It is preferred to Select low concentrations of magnetic 
polymer beads in the Suspension during the Spray-drying 
process. Suitable concentrations are those between 0.05 to 
0.5 wt. -%. This results in the formation of droplets with or 
without a single magnetic particle. During drying the Spray 
ing tower, preferably 95% of the corresponding dried Sugar 
particles or Sugar particles contain no more than one Single 
magnetic bead. The formation of doubles or triples, i.e. 
aggregates of two or three linked magnetic particles, is 
Significantly reduced. Aqueous Solutions are a particularly 
preferred for the preparation of polymer bead Suspensions. 
The Spray-drying proceSS is continued until the resulting 
particles contain less than 1, preferably less than 0.1 wt-% 
free water. By heating the products obtained in the Spray 
drying process, it is possible to find out if the residual 
moisture Satisfies the above conditions and determine a 
possible change in weight. 

In a preferred manner the polymer beads of the invention 
can be poured. 

It was Surprising to See that when the powder-like mass 
obtained in the Spray-drying is resuspended in a liquid 
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containing the Soluble Substance, Virtually no agglomerates 
of magnetic polymer particles form in the absence of a 
magnetic field. This also applies to non-magnetic polymer 
particles. 

Depending on the amount of Soluble Substance used, 
non-bead-containing particles form in addition to coated 
polymer beads which essentially consist of the soluble 
Substance. If an elevated percentage of Soluble Substance 
interferes, e.g. in analytical procedures, it is possible to 
Separate especially the magnetic particle-free Sugar par 
ticles. This is particularly easy in case of magnetic polymer 
beads. To achieve this, a Suspension of the dry polymer bead 
preparation is prepared in a liquid in which the Soluble 
Substance does not dissolve; e.g. in case of Sugars in low 
alcohols (1-3C atoms) Such as ethanol. Using a magnet, the 
magnetic particles are separated at the wall of the container 
and the remaining Suspension is removed. After Several 
Washing Steps with the liquid and removal or turning off of 
the magnet, a concentrate of polymer magnetic particles 
coated with Soluble Substance is obtained. The advantage of 
using lower alcohols is that they can be easily dried thus 
resulting in a dry powder. Resuspension of this powder in 
the liquid containing the Soluble Substance results in a 
Suspension of polymer magnetic beads which are virtually 
free of aggregates and non-magnetic particles, containing in 
particular less the 5% aggregates. 

Also Subject matter of the invention is the use of Sugars 
for coating polymer beads. 

Another subject matter of the invention is the use of a dry 
polymer bead preparation in analytical procedures. Analyti 
cal procedures as understood in the invention are procedures 
where the amount of analyte bound to a given amount of 
polymer beads is determined. The expert is familiar with 
these methods, e.g. from L. B. Bangs (Particle-based Tests 
and Assay-Pitfalls, Problems and Possibilities in prepara 
tion; Bangs Laboratories, Carmel, Ind., USA, October 1990) 

Subject matter of the invention is hence also a method of 
detecting an analyte from a liquid comprising the Steps of 
preparing a dry polymer bead preparation, resuspending the 
dry polymer beads in a liquid, binding possibly present 
analytes to the polymer beads, and detecting the polymer 
bead-bound analyte. AS described above, the dry polymer 
beads are preferably coated with a Substance which is 
Soluble in the liquid and are also magnetic. 

The following examples explain the present invention in 
greater detail. 

EXAMPLE 1. 
Preparation of Dry and Aggregate-Free Resuspendable 
Polymer Beads 

25 ml of magnetic bead suspension M 280, manufactured 
by Dynal AS with a concentration of 10 mg beads/ml and 3 
g of mannite and 3 g of water were mixed. Using a 
Niro-Atomizer-Spray-Drier, Minor, manufactured by Niro, 
Soeborg, Denmark, the resulting Suspension was sprayed 
into a light brown powder. The yield was 2.1 g. 
A Small portion of the So obtained powder was resus 

pended in dist. water. When viewed under a light 
microscope, no aggregates were found. 

EXAMPLE 2 
Aggregation of Conventional Particles 

0.5 ml of a magnetic bead suspension M 280 manufac 
tured by Dynal AS were dried at 40 C. ambient air. The 
Solid residue was taken up and resuspended in 10 ml dist. 
HO and for 5 minutes treated in an ultrasonic bath. The 
resulting Suspension contained large aggregates which were 
well visible under the light microScope. 
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EXAMPLE 3 

Concentrating Dry and Aggregate-Free Resuspendable 
Magnetic Polymer Beads 

Appr. 50 mg of the resulting powder of example 1 were 
resuspended in app. 1.5 ml ethanol in an Eppendorf reagent 
vessel. A permanent magnet was applied to the wall of the 
vessel. The Suspension became hot and a brown precipitate 
formed at the wall opposite the magnet. The remaining white 
Suspension was pipetted off and the Washing procedure was 
repeated with isopropanol. 
The resulting precipitate was dried at ambient air. 
The resulting dry powder was resuspended in dist. Water. 

No aggregates were visible in the Suspension under the light 
microscope. 
What is claimed is: 
1. Dry magnetic polymer beads which can be Suspended 

in an aqueous liquid without Substantial agglomeration in 
the absence of a magnetic field, comprising 

a plurality of polymer particles, 
at least one magnetic particle incorporated with Substan 

tially each polymer particle; and 
a coating Surrounding Substantially each polymer particle, 

Said coating comprised of a Sugar which is readily 
Soluble in an aqueous Suspension liquid, wherein the 
coating has a thickness between 20 nm and 50 lum. 

2. Dry polymer beads which can be Suspended in a liquid 
without Substantial agglomeration in the absence of a mag 
netic field, comprising 

(A) a plurality of polymer particles, Substantially each of 
which polymer particles having at least one magnetic 
particles incorporated therein; and 

(B) a coating Surrounding Substantially each polymer 
particle, Said coating being a Sugar readily Soluble in 
the Suspension liquid. 

3. The polymer beads of claim 2, wherein the Sugar is 
water Soluble. 

4. The polymer beads of claim 3, wherein the Sugar is 
mannite. 

5. The polymer beads of claim 3, wherein the Sugar is 
trehalose. 

6. The polymer beads of claim 2, wherein the coating 
Surrounding Subtantially each polymer bead has a thickness 
between about 20 nm and about 50 lum. 

7. The polymer beads of claim 2, wherein the coating 
Surrounding Substantially each polymer bead has a thickness 
between about 0.1 um and about 100 um. 

8. The polymer beads of claim 7, wherein the coating 
Surrounding Substantially each polymer bead has a thickness 
between about 0.1 um and about 5 lum. 

9. A method of preparing the dry polymer beads of claim 
2, comprising the following Steps 

(1) providing polymer beads, Substantially each of which 
polymer bead having at least one magnetic particle 
incorporated therein; 

(2) preparing a Suspension of Said polymer beads in a 
liquid containing a Sugar for coating the beads, wherein 
Said Sugar is readily Soluble in the liquid; 

(3) Spray-drying the Suspension to remove the liquid from 
the remainder of the Suspension, thereby producing a 
product comprising droplets having at least one poly 
mer bead therein; and thereafter 

(4) removing from the product any droplets not having at 
least one polymer bead therein to obtain dry polymer 
beads coated by the Sugar. 

10. The method of claim 9, wherein the spray-drying of 
the Suspension is performed in Such a way until more than 
95% of the droplets contain a single polymer bead. 
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11. The method of claim 9, wherein the liquid in which the 
polymer beads are Suspended contains an amount of the 
Sugar between about 0.1% and about 30% by weight prior to 
the Spray-drying. 

12. The method of claim 11, wherein the liquid in which 
the polymer beads are Suspended contains an amount of the 
Sugar between about 1% and about 10% by weight prior to 
the Spray-drying. 

13. The method of claim 9, wherein the Sugar is water 
Soluble. 

14. The method of claim 13, wherein the Sugar is mannite. 
15. The method of claim 13, wherein the Sugar is treha 

lose. 
16. A method of recovering the magnetic polymer beads 

of claim 2 from a Suspension of Such beads, comprising 
(1) applying a magnetic field to the wall of a container 

containing a Suspension of the polymer beads of claim 
2 in a liquid, wherein Said Sugar coating does not 
dissolve in Said liquid, to immobilize the polymer 
beads at the wall of the container; and thereafter 

(2) separating the liquid from the polymer beads, to 
provide dry magnetic polymer beads. 

17. The method of claim 16, wherein said suspension 
further comprises particles which do not have polymer beads 
therein, and Such particles are Separated with the liquid from 
the magnetic polymer beads. 
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18. The method of claim 16, wherein said liquid is a 

C1-C3 alcohol. 
19. In a method of detecting an analyte in a liquid, 

comprising the Steps of 
(1) adding polymer beads in the liquid containing the 

analyte to be determined, wherein Said analyte binds 
Said polymer beads, 

(2) separating the liquid from the polymer beads and 
analyte bound thereto, and thereafter 

(3) detecting the analyte, 
the improvement comprising: 

Substantially preventing the agglomeration of the poly 
mer beads in the liquid by using the polymer beads 
of claim 2, wherein the coating dissolves when the 
polymer beads are Suspended in the liquid. 

20. The method of claim 19, further comprising, after the 
analyte binds to the polymer beads but prior to Separating the 
liquid from the polymer beads, applying a magnetic field to 
the liquid to retain the polymer beads and analyte bound 
thereto. 

21. The method of claim 20, wherein the detecting step 
involves determining the amount of the analyte bound to a 
given amount of the polymer beads. 

k k k k k 


